DEVITT FARMS

Review of the Flood Insurance Rate Maps issued by the Federal Emergency Management Agency indicates that
the City of Harrisburg and surrounding areas are classified as Zone X. Zone X is defined as areas of minimal
flood hazard, and are not located within the Special Flood Hazard Area (SFHA). The area included in this study
is not subject to inundation by the 1% annual chance flood (100-year) in accordance with FEMA standards and
definitions. We do, however, believe that areas within the development would fall into the SFHA if the maps
were to be revised to reflect current conditions.
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DEVITT FARMS

PROJECT OVERVIEW
HISTORY OF CONCERN

Lake Ole has been an ongoing concern for the City of
Harrisburg. The existing basin includes industrial,
agricultural, recreational and institutional land uses.
The basin drains to an agricultural field that has
historically provided natural detention located at the
downstream end of the subdivision. Rainfall events
that occurred in July of 2011, May of 2013 and June of
2014 resulted in significant flooding, and water
entering Liberty Elementary on a couple of
occurrences. Properties within the industrial park
have developed over time without the necessary
storage that would limit increases in existing runoff
rates. As a result, the amount of runoff that enters
Lake Ole has significantly increased. Historically, the
only outlet for storm flows from Lake Ole has been
though an agricultural drain tile system that drains
south through existing development.

The extension of storm sewer included in the 2014
Columbia Basin storm sewer improvement project has
provided a critical point of release of storm water for
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DEVITT FARMS

Lake Ole, however the size of the discharge pipe, 18” RCP, does not provide the relief that is needed to prevent
the school from flooding. Additional storage is needed to prevent flooding during significant rainfall events.

COORDINATING A REGIONAL SOLUTION

The City of Harrisburg 2005-2025 Comprehensive Plan identifies a need for improvements at the location of
Lake Ole. The Comprehensive plan has identified these improvements as the top priority stormwater facilities
project.

“Storm Sewer - A regional detention basin is needed north of Willow Street on the west side of Liberty
Elementary School. Storm water piping will need to be extended south from the basin to the Ninemile
Creek tributary. Piping to handle storm drainage will be part of the street improvements. On-site
drainage and retention will also be addressed for each area as it develops.”

A regional detention facility at this location would serve all of the properties in the contributing basin,
significantly reduce the probability of a flooding occurrence at Liberty Elementary, allow for development of
the Devitt Property and protect downstream properties. A single facility benefitting all properties proves to
be the most cost effective way to serve all properties. The cost to design, construct, operate and maintain a
single facility is significantly less than associated costs for individual property owners to build standalone
facilities.
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DEVITT FARMS

MODEL DEVELOPMENT
PROCEDURE

Storm water drainage basins were developed by analyzing existing topographic maps for the contributing basin
and surrounding areas. Peak flows were determined for each of the subbasins, based on existing land uses
within the basin, as well as fully developed land uses to design the regional facility to accommodate the 5 and
100-year rainfall events. For the purpose of this report, all flow data used in the analysis was estimated through
standard engineering practices. Actual or recorded flow data was researched for model calibration and
comparison to real-time events.

Factors affecting runoff include the size and slope of the basin, hydrologic soil group classification,
imperviousness, land use or type of crop cover, travel time and the intensity of the rainfall event. Stockwell
Engineers utilized XP-SWMM modeling software specifically designed for hydrology modeling and runoff
routing to determine design flows. This hydrologic analysis is paired with an integrated 1D/2D detailed
hydraulic analysis of both the existing enclosed system and the digital terrain model to simulate the
conveyance of storm flows on the surface.

Current city design standards outline that the drainage system shall be designed to provide protection against
regularly recurring damage, to reduce street maintenance costs, and to provide an orderly urban drainage
system. Consequently, urban areas generally have two separate and distinct drainage systems. First is the
enclosed system that corresponds to the minor (5-year) storm event recurring at regular intervals. The other
is the overflow system that is designed to convey the major storm event which has a one percent probability
of occurring in any one year, also referred to as the 100-year storm event.

EXISTING HYDROLOGIC & HYDRAULIC ANALYSIS

Determining flow for a storm sewer conveyance system is largely contingent upon the size of the contributing
watershed boundary. The watershed boundary is determined by the topography of the basin. It is defined by
the area tributary to a specific discharge point and is separated from adjacent basins by a divide or ridge that
can be traced on topographic maps. Watershed boundaries can be relatively large depending on the location
of the discharge point. Typically, they are divided into smaller tributary basins and sub-basins. Watershed
boundaries for existing conditions are shown in Figure 1 and indicate areas that contribute storm flows to Lake
Ole.

Other significant factors in determining storm runoff for a basin is the type of land use and slope of the land.
Existing land uses were used for properties within the basin. From there, each sub-basin was analyzed to
determine the imperviousness used to calculate weighted runoff coefficients. This information is then used to
calculate the time it takes for runoff to travel from the hydraulically most distant point to reach the point of
discharge, referred to as the time of concentration.
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DEVITT FARMS

Figure 2 identifies the existing storm sewer elements that were located and incorporated into the existing
conditions Hydrologic and Hydraulic model. These elements include pipe culverts, intake structures, enclosed
storm sewer networks and discharge lines. The Columbia Basin storm sewer extension project that was
constructed in 2014 provides the only outlet to the area where natural detention is occurring. This 18” RCP
pipe does not have the capacity to handle the 5-year storm, however it does provide a critical outlet for Lake
Ole that has historically been served by a small agricultural drain tile that appears to have clogged over time.

The hydraulic analysis was performed by developing an integrated 1D/2D hydraulic model using XP-SWMM
that models the 1D sewer system and the 2D overland flow in tandem. The model was set up by delineating
drainage basins and applying the hydrologic and hydraulic parameters described.  The existing enclosed
system was input into the software program based on the topographic field survey conducted by Stockwell
Engineers that included inlet locations and types along with pipe lengths, sizes, types and slopes.

A digital elevation model (DEM) was used to represent the surface. The DEM was taken from LiDAR data
provided by Lincoln County, that was flown in 2012. Roughness coefficients were assigned for existing land
uses, which included industrial, commercial, agricultural, recreational and institutional uses. The model was
executed to simulate the 5-year and 100-year events through the stormwater collection and conveyance
system. Figure 3 shows a side by side comparison of the resulting inundated areas for both rainfall events.
The tables shown in Figure 4 indicate the variables used to calculate the reported peak flows from each of the
designated basins for both the 5-year and 100-year rainfall events. These tables also include resulting flow
rates for each node element, and reports the resulting hydraulic data, such as pipe capacity, maximum flow
through each 1D element, velocity and high water elevations at critical locations.

A 500-year event was run through the existing conditions model in an effort to simulate the July 2014 rainfall
event for calibration purposes. The model was calibrated by reviewing rainfall data from the July, 2014 event
and verifying the high water marks taken after the event ended. Observed rainfall for the 3-day event totaled
7.71 inches recorded in Sioux Falls, and 8.27 inches in Sioux City. High water elevations verified in the field
were within 2 inches of what was reported in the hydrologic and hydraulic model simulation. Figure 5
compares the calculated 500 year inundation and an actual photo of inundation resulting from the July 2014
event.

PROPOSED HYDROLOGIC & HYDRAULIC ANALYSIS

The proposed analysis included an in depth breakdown of the drainage basin where improvements are planned
on all remaining undeveloped parcels within the drainage basin. These areas considered specified proposed
land uses for the Devitt Farms planned development, and improvements to park and recreational facilities
north of Liberty Elementary. The Devitt Farms planned development includes commercial, multi-family
residential, and single family residential uses. The land uses and general terrain used in the model were derived
from the preliminary plan on record at City Hall. The proposed variables for all properties within the drainage
basin were input into the 1D/2D simulation to project runoff rates for the basin once completely built out.
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DEVITT FARMS

Stockwell Engineers developed a hypothetical elevation terrain and drainage plan, based on the preliminary
plan of record, to present pose-developed conditions. Rainfall events were routed through the hypothetical
model to determine approximate detention volumes and drainage facilities.

Input variables and results of the proposed conditions xpswmm hydrologic and hydraulic model are presenting
in Figures 6 through 9. Figure 6 depicts the delineated subbasins from the proposed grading plan. Figure 7
includes a schematic of the xpswmm model, and each node and link that make up the 1D element of the
analysis. The proposed grading plan replaced the existing conditions digital elevation model to represent the
2D element of the analysis.

A visual side by side comparison of the proposed conditions model results for both the 5 and 100-year storm
events is shown on Figure 8. The simulated model results are shown on Figure 9 that include peak flows,
network capacity and maximum flows along with projected high water elevations shown in tabular form. The
completed model indicates the high water elevation (HWE) at the regional facility to be 1417.86 during the
100-year rainfall event as opposed to the existing conditions HWE of 1422.68. The regional detention facility
will be a retention pond that utilizes a permanent pool of water that will be maintained at the 1411 elevation
for the lower pond, and 1416 for the upper pond. The retention pond will be used to manage stormwater
runoff to prevent flooding to adjacent and downstream properties as well as provide improved water quality
benefits.

ENGINEERING DESIGN STANDARDS

City of Harrisburg Engineering Design standards require urban areas to have two separate and distinct drainage
systems. One is the minor system corresponding to the minor, or 5-year event for storms that occur at regular
intervals. The other is the major system that corresponds to the Major, or 100-year event that has a one
percent probability of occurring in any one year.

The minor storm drainage system shall be designed to provide protection against regularly recurring damage,
to reduce street maintenance costs, to provide and orderly urban drainage system and to provide convenience
to the urban residents. Storm sewer systems consisting of underground piping, natural drainageways, and
other required appurtenances shall be considered as part of the minor storm drainage system

The major storm drainage system shall be designed to prevent major property damage or loss of life. The route
of the major storm shall be noted to assure an outlet to a designated major drainageway is available. All
channels shall be designed for the 5-year and 100-year storm frequencies considered. Property corner
elevations of properties abutting a major drainageway shall be 1 foot above the 100-year design storm.
Recommended minimum ground elevations for homes abutting or affected by the major drainageway shall be
2 feet above the overflow elevation. Recommended minimum ground elevations for homes abutting or
affected by major drainageways, where an overflow system is not available, will be either a minimum of 4 feet
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DEVITT FARMS

above the 100-year high water
elevation or at an elevation that
provides for 150 percent of the 100-
year flow capacity.

The proposed analysis contained in
this report assumes there is no
overflow system available as the low
point in Willow Street is 2.5 feet
higher than the top of pond and
almost 2’ higher than the finish floor
elevation of Liberty Elementary. To
summarize, the proposed design
allows for 4.8 feet of freeboard
above the 100-year high water
elevation before water would reach

the finish floor elevation of Liberty
Elementary, and over 6.5 feet of
freeboard  before  overtopping
Willow Street. The proposed design
should adequately protect the
school and downstream properties
during extreme rainfall events like
the ones experienced in 2011, 2013
and 2014.

City of Harrisburg subdivision

regulations and design standards | : )
require separate and specific storm  [em et M 3 d 9
water analysis for each proposed development. These developments within the Devitt Farms watershed
identified | this study must separately include storm water analysis based on actual proposed grading and

storm sewer plans for comparison and conformance with the regional plan.

CONCLUSION

The proposed regional detention system included in this report is designed to store storm water for
the 100-year event, plus an addition freeboard of 4 feet as outlined in Harrisburg Engineering Design
Standards. Runoff from the basin shall be conveyed to the facility through enclosed systems, street
right-of-way and open channels. The proposed facility includes a series of 2 interconnected retention
ponds that each include a permanent pool of water set at the 1416 and 1411 elevations. The
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DEVITT FARMS

proposed facility will discharge through an outlet that utilizes the Columbia Basin extended storm
sewer network that was constructed in 2014.

The main function of the facility will be to contain the surge during significant rainfall events and
release runoff slowly into the Columbia Basin enclosed storm sewer system before discharging into
Ninemile Creek. This slow release mitigates the size and intensity of storm induced flooding on
downstream receiving waters. The retention facility will also collect suspended sediments, which are
often found in high concentrations in storm water. Retention ponds are often landscaped with a
variety of grasses, shrubs and wetland plants to provide bank stability and aesthetic benefits.
Vegetation also provides water quality benefits by removing soluble nutrients through uptake.

600 N. MAIN AVE, SUITE 100
Sioux FALLS, SD 57104
T I e ey (| T - \_4 ’
CITY OF ¥ PH. (605) 338-6668
M
FAx. (605) 338-8750 9
— —
s 1 oc KMV—_LL WWW.STOCKWELLENGINEERS.COM






